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Abstract 
The kenaf core powder has been treated with benzoyl chloride in PVC/ENR/kenaf core powder composites. The presence of 
benzoyl chloride grafting on kenaf core powder was evident by infrared analysis. PVC/ENR/kenaf core powder composite 
samples were prepared using Haake Polydrive at 140°C, with different untreated and treated kenaf core powder loading (5, 10, 15 
and 20 phr). The tensile and morphological properties of the composites were investigated. The enhancement of mechanical 
properties suggested that the treatment improved the interfacial adhesion between kenaf core powders with PVC/ENR matrix. 
The improvement of adhesion was clarified by SEM micrographs. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia. 
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1. Introduction 
The use of natural fiber as a reinforcing material in thermoplastic material represents an attractive and asuitable 
method of replacing other synthetic fiber material.Natural fibers have high specific tensile strength, cheaper source, 
ecological advantages, low density,renewable resource, non-abrasivenature of processing equipment and 
biodegradable.The incompatibility issue is the main disadvantage, when it comes toprocessing natural fiber with  
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hydrocarbon plastic material. The abundance of hydroxyl groups in natural fiber makes it incompatible with the 
hydrocarbon plastic material. Furthermore, the presence of impurities at the outer layer of natural fiber makes it 
more difficult to interact with the hydrocarbon plastic materials. 
There are various chemical treatments and modifications being studied to improve the compatibility of matrix 
and fibre.1-5 A traditional way to pre-treat the filler is alkali pre-treatment. Until now, alkali pre-treatment is a 
relevant way to clean filler surface to prepare the filler with a better site for interaction. Alkali pre-treatment will be 
followed by another type of chemical treatment, usually a coupling agent, using organic and inorganic chemical to 
enhance the tensile, water absorption and thermal properties of the composites.1-4 A clean filler surface can reduce 
the moisture absorption process and increase the surface roughness.5-10 Apart from the alkali pre - treatment, there 
are few more treatments have been applied to the fibre in order to improve the interfacial adhesion between fibre 
and matrix such as silane, isocyanate, and peroxide chemical treatment. Each of the chemical treatments has their 
own advantages depending on the type of filler and the matrix being used.5, 11-12This paper studies the effects of 
benzoyl chloride treatment on tensile and morphological properties of PVC/ENR/kenaf core powder composites. 
 
 
2. Materials & Experimental  
 
2.1. Materials 
 
Epoxidized Natural Rubber (Epoxyrene 50) with a 50% epoxidization level and poly(vinyl chloride)  with K 
value of 66, Mn = 66 000; grade MH66, 6519 was purchased from Industrial Resin (M) Ltd. Benzoyl chloride were 
purchased from Sigma Aldrich. Diocthyl-phthalate (DOP), Barium/cadmium stearate, was supplied by Bayer (M) 
Sdn. Bhd. The Kenaf core powder was supplied by Forest Research Institute of Malaysia (FRIM) with the particle 
size of 50 µm. 
 
2.2. Kenaf Chemical Modification 
 
The dried kenaf core powder (35 g) were soaked in 6 % NaOH solution for 30 min, at room temperature, 
followed by filtering and washing with water. The treated kenaf core powder were then suspended in 10% NaOH 
solution and agitated vigorously with 50 ml benzoyl chloride. The mixture was allowed to stand for 15 min, 
followed by filtering, washing with water, and drying at room temperature. The isolated kenaf core powder were 
then soaked in ethanol for 1 h to remove the unreacted benzoyl chloride and finally washed with water and dried in 
an oven at 60 °C for about 24 h.9 
 
2.3. Preparation of the composites 
 
The formulations of the composites are given in Table 1. The composition of PVC and ENR was fixed to 70/30. 
The PVC was initially pre-mixed with stabilizer and plasticizer in a glass beaker with a high speed mixer with speed 
of 1200 rpm for 10 minutes at room temperature. The amount of DOP and Cd/Ba stearate use for mixing of the 
blends was 50 phr and 3 phr, respectively, based on total plastic content in all compositions. Kenaf fiber was varied 
from 0 phr to 20 phr. The PVC and ENR blends were prepared by melt mixing in a Haake Rheomix Polydrive R 
600/610 at 140 °C and rotor speed of 50 rpm. ENR was the first charge into the mixing chamber for 1 minute. The 
PVC with stabilizer and plasticizer were then charged into the mixing chamber, allowed to equilibrate for 4 minutes. 
The Kenaf core powder was then added. Mixing was then continued until a constant torque was obtained.  
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Table 1. The formulation of PVC/ENR/kenaf core powder. 
Composition 
Composites Formulation 
1 2 3 4 5 
PVC 70 70 70 70 70 
ENR 30 30 30 30 30 
Cd/Ba Stearat (stabilizer)1 3 3 3 3 3 
DOP (Plasticizer)2 50 50 50 50 50 
Kenaf Core Powder 0 5 10 15 20 
*1 and 2 at part per hundred of resin (PVC) 
 
2.4. Compression molding  
 
The sample of PVC/ENR blends, PVC/ENR/kenaf core powder composites with and without BC treatment were 
compression moulded in an electrically heated hydraulic press. Hot press procedures involved pre-heating at 150 °C 
for 5 minutes, followed by compressing for 3 minutes at the same temperature.  
 
2.5. Tensile Test 
 
Tensile tests were carried out with a testometer M 500. The test was done according to ISO 37. Dumbbell 
specimens 1 mm thickness were cut from moulded sheets with a Wallace die cutter S6/1/4.A. Five specimens were 
used in each case, and the median value was determined. Tensile strength, Young’s modulus and elongation at break 
(Eb) were recorded directly from the digital displays at the end of each test.  
 
2.6. Scanning electron microscopy 
 
Studies on the tensile fractured morphology of PVC/ENR/kenaf core powder composites were carried out using 
a Zeiss SUPRA36VP field emission scanning electron microscope (Oberkochen, Germany) operating at an 
accelerating voltage of 3kV. The samples (with surface exposed) were mounted on aluminum stubs with double-
sided tape and sputter-coated with a thin layer (~20 NM) of gold to avoid charging and poor resolution during 
examination. 
 
 
3. Results and discussion 
 
3.1.Tensile Properties 
 
The tensile strength of the PVC/ENR/KCP composite with and without the BC treatment shown in Fig.1. The 
PVC/ENR blends (0 phr kenaf loading) showed higher tensile strength compared with the PVC/ENR/KCP 
composites. Furthermore, the tensile strength reduced with the increase of KCP loading. The tensile strength of the 
composites without BC treatment decreased due to the inability of the filler to support stress transferred from the 
blend matrix. The KCP interrupt the stress transfer along the applied force and the problem was intensified by lack 
of interfacial adhesion between fiber and the matrix. Poor interfacial adhesion between kenaf core powder and the 
matrix increased the stress concentration area which will initiate micro-cracks resulting in low tensile strength. The 
KCP particles are no longer as equally separated or wetted by the polymer matrix with the increased in KCP 
loading. Thus, the continuous decreased in tensile strength might be due to the agglomeration of the filler particles 
which lead to formation of a phase that act like a foreign body.13 The tensile strength of PVC/ENR/KCP composites 
with BC treatment shows higher tensile strength when compared with the untreated composites. As can be seen in 
Fig.1. results indicated that the PVC/ENR/KCP composite with 5 phr kenaf loading exhibits tensile strength of 4.4 
MPa without BC treatment. For PVC/ENR/KCP composites with the BC treatment, the tensile strength value has 
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increased to 4.7 MPa. The increased in tensile strength after BC treatment suggested that the BC treatment improved 
the fiber-matrix interaction by the appearance of a new linkage that connected the kenaf and the matrix part of the 
compound. 
Fig.2. shows the effect of KCP loading on Young’s modulus of PVC/ENR/KCP composites. It can be seen from the 
figure that the Young’s modulus shows a slight increased with the increase of KCP loading. The trend indicated that 
the stiffness of the composites increase with the incorporation of KCP into the matrix of PVC/ENR. This is resulted 
from the inclusion of rigid filler particles in the soft matrix. KCP was able to restrict the segmental mobility of 
PVC/ENR matrix. PVC/ENR/KCP composites with the BC treatment show higher Young’s modulus values than the 
composites without BC treatment. The enhancement on Young’s modulus is due to a better interfacial adhesion 
between benzoylated KCP and PVC/ENR matrix. The improvement in the interfacial adhesion of the treated 
composites reduced the agglomeration and filler-filler interaction, hence lessen the potential of a sudden failure to 
happen. 
Fig.3. shows the elongation at break of PVC/ENR/KCP composites. It was found that the elongation at break 
reduced drastically with the increase of KCP loading due to the increase in stiffness of the compound with the 
incorporation of KCP particles. The PVC/ENR/KCP composites with BC treatment, shows an enhancement of 
elongation at break at all kenaf loading. The enhancements are due to a better filler dispersion and good adhesion 
between filler and matrix, which would improve the stress transfer from the matrix to filler phase. Unfortunately, at 
higher filler loading, the stress propagation from matrix to filler was obstructed because of the agglomeration and 
filler-filler interaction.  
 
 
 
 
Fig. 1. Tensile Strength for PVC/ENR/KCP composites with and without BC treatment. 
 
 
Fig. 2. Young’s Modulus for PVC/ENR/KCP composites with and without BC treatment. 
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Fig.3. Elongation at break for PVC/ENR/KCP composites with and without BC treatment. 
 
3.2.Morphology Analysis 
 
Fig.4. (a) and Fig.4. (b) show the tensile fractured surface morphology of PVC/ENR/KCP composites with KCP 
loading of 5 phr, with and without BC treatment. Fig.4. (a) shows clear filler pulled out from the matrix. The poor 
interfacial adhesion leads to the pulled out of KCP. As compared to the PVC/ENR/KCP composite with BC 
treatment (Fig.4. (b)), there are less filler pulled out. The failure mode observed are filler splitting and tearing which 
attributed to a better interaction with the matrix. The KCP particles were observed to be embedded in the matrix. 
This result shows an agreement with the increase in tensile strength of the PVC/ENR/KCP with BC treatment.  This 
micrograph proves that there is an interfacial adhesion between the KCP and matrix for PVC/ENR/KCP composites 
with BC treatment.  
The fractured surface morphology of the PVC/ENR/KCP composite with KCP loading of 20 phr is shown in Fig.4. 
(c) and Fig.4. (d). Filler pulled out still can be seen in the PVC/ENR/KCP composite without BC treatment (Fig.4. 
(c)). Fig.4. (d) is a micrograph of the PVC/ENR/KCP composites with BC treatment. Filler pulled out was not 
observed but agglomerate of the filler was seen. The agglomeration of the composites might be due to higher filler 
loading that reduce matrix-filler interaction. As a result agglomeration started to occur. The result is also in 
agreement with the tensile strength of the PVC/ENR/KCP composites, where reduce in tensile strength was observed 
with the increase in KCP loading. However the tensile strength of the PVC/ENR/KCP composite with BC treatment 
is still higher as compared to PVC/ENR/KCP composites without BC treatment. Furthermore, the higher tensile 
strength was obtained for the PVC/ENR/KCP composites with BC treatment due to higher stress transfer, which 
reduced the sudden failure of the composite. 
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Fig. 4. SEM facture surface of (a) PVC/ENR/KCP 5 phr loading without BC treatment, (b) 5 phr loading with BC 
treatment, (c) 20 phr loading without BC treatment (d) 20 phr loading with BC treatment at 200x magnification. 
 
 
4. Conclusion 
 
The incorporation of kenaf core powder into PVC/ENR blend had affected the tensile properties of the 
composites due to the incompatibility between the matrix and the filler. The incorporation of BC chemical treatment 
to kenaf core powder improved the tensile strength, Young’s modulus and elongation at break due to better 
interfacial adhesion between the matrix and the filler.  
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